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(57) ABSTRACT 

In a poWer line noise ?lter, a detection circuit detecting 
variations in electric current in tWo conductive lines of an 
electric poWer line, thereby detecting common mode noise 
that causes a change in electric current in the poWer line. A 
phase-inverted signal generation circuit then generates a 
phase-inverted signal Whose is inverted to that of the noise 
detected by the detection circuit. Further, an injection circuit 
causes a change in electric current corresponding to the 
phase-inverted signal, for the tWo conductive lines of the 
electric poWer line. The common mode noise causing a 
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POWER LINE NOISE FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a power line noise ?lter 
that reduces noise in electric poWer lines. 

2. Description of the Related Art 
Telecommunications using electric poWer lines, in Which 

high frequency signals are superposed on electric poWer 
lines, is knoWn as one of the telecommunications technolo 
gies used at home and office. During the telecommunications 
using electric poWer lines, sporadic noises of uncertain 
frequency bands are generated in electric poWer lines 
(hereinafter referred to as the noise) When various electric 
and electronic devices that are connected to the electric 
poWer lines are operated, causing higher error rates and 
other defects in telecommunications qualities. 
A noise generated in an electric poWer line by operation 

of a device connected to the electric poWer line sometimes 
adversely affects other devices connected to the same line, 
even When the line is not used for telecommunications. 

There are tWo types of noises generated in electric poWer 
lines, namely common mode noises, Which propagate 
through tWo conductive lines in the same phase, and normal 
mode noises generated betWeen tWo conductive lines. 
Further, noises generated in electric poWer lines include a 
noise that causes a change in electric current (hereinafter 
referred to as a current-related noise), and a noise that causes 
a change in voltage (hereinafter referred to as a voltage 
related noise). 

One of the measures against noise problems described 
above is use of a ?lter against electromagnetic interference 
(EMI) (hereinafter referred to as an EMI ?lter). An EMI 
?lter is generally formed as an LC ?lter (a ?lter comprising 
inductors and capacitors) in Which discrete elements such as 
a common mode choke coil, a normal mode choke coil, an 
X capacitor and a Y capacitor are used in combination. 

Published Unexamined Japanese Patent Application 
(KOKAI) Heisei 7-115339 discloses a line ?lter that absorbs 
noise currents. The line ?lter has a ?rst transformer includ 
ing a primary coil and a secondary coil, a second transformer 
including a primary coil and a secondary coil, and an 
ampli?er that ampli?es a noise current that is electromag 
netically induced to the secondary coil of the ?rst trans 
former When the noise current ?oWs into the primary coil of 
the ?rst transformer. The noise current ampli?ed by the 
ampli?er is alloWed to How into the secondary coil of the 
second transformer to cause a change in the impedance of 
the primary coil of the second transformer. According to this 
line ?lter, an attenuation effect on noise is increased through 
adjustment of the impedance of the primary coil of the 
second transformer. 

Published Unexamined Japanese Patent Application 
(KOKAI) Heisei 10-303674 discloses an AC line ?lter that 
reduces noise in an AC poWer source line. The AC line ?lter 
comprises: a common mode choke coil to Which a third 
Winding has been added; a noise extraction circuit that 
extracts common mode noise in the AC poWer source line; 
a noise amplifying circuit that ampli?es the extracted com 
mon mode noise; and an electric current supplying circuit 
that supplies a current for providing an electromotive force 
of inverted phase to the third Winding of the common mode 
choke coil in response to outputs of the noise amplifying 
circuit. According to this AC line ?lter, the noise extraction 
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2 
circuit extracts common mode noise in the AC poWer source 
line, the noise amplifying circuit ampli?es the extracted 
common mode noise, and, in response to the outputs of the 
noise amplifying circuit, the electric current supplying cir 
cuit supplies a current for providing an electromotive force 
of inverted phase to the third Winding of the common mode 
choke coil. Common mode noise in the AC poWer source 
line are thereby reduced. 

Conventional EMI ?lters formed as an LC ?lter are 
advantageous in that the circuits can be easily con?gured, 
but on the other hand they have draWbacks such as (1) to (3) 
described beloW. 

(1) Conventional EMI ?lters can provide a desired attenu 
ation amount only Within a narroW frequency band, 
because those ?lters have speci?c resonance frequencies 
that depend on inductance and capacitance. 

(2) EMI ?lters need to be optimiZed according to devices 
that generate noises, because frequency bands, intensity 
and characteristics of noises generated differ among 
electric/electronic devices. Thus, a process of trial and 
error is required each time a device is designed, to 
optimiZe EMI ?lters so that they are compatible With the 
standards related to noises, Which in turn necessitates a 
long time for measurements and evaluations, and makes 
standardiZation of EMI ?lters dif?cult. 

(3) Since conventional EMI ?lters can provide a desired 
attenuation amount only Within a narroW frequency band, 
their noise reduction effect ?uctuates due to variations in 
noise frequencies among different noise sources and dif 
ferences in attenuation characteristics among EMI ?lters. 

According to the line ?lter disclosed in Published Unex 
amined Japanese Patent Application (KOKAI) Heisei 
7-115339, the impedance of the primary coil of the second 
transformer is adjusted by alloWing currents Which synchro 
niZe after a lapse of one cycle With the noise currents 
detected by the ?rst transformer to How into the secondary 
coil of the second transformer. Therefore, this line ?lter may 
be effective for reducing continuous noise With a constant 
frequency, but it is not capable of canceling sporadic noise. 
FIG. 4 in this reference shoWs an example of the line ?lter 
con?guration in Which a line is passed around tWo cores 
together, With the secondary coil of the ?rst transformer and 
the secondary coil of the second transformer being Wound 
around the cores respectively. In this con?guration, 
hoWever, the tWo cores can easily become misaligned, and 
cabling Would be difficult. 

According to the AC line ?lter disclosed in Published 
Unexamined Japanese Patent Application (KOKAI) Heisei 
10-303674, as shoWn in FIGS. 1 and 2 thereof, common 
mode noise is detected by detecting variations in voltage in 
a neutral line through the use of a high path ?lter (HPF), and 
the detected common mode noise is ampli?ed by the noise 
amplifying circuit. Then, in response to outputs of the noise 
amplifying circuit, the electric current supplying circuit 
generates a current for providing the third Winding of the 
common mode choke coil With an electromotive force of 
inverted phase, and supplies the current to the third Winding 
of the common mode choke coil. 

Thus, in the above AC line ?lter, the voltage of the 
common mode noise (hereinafter referred to as the noise 
voltage) is detected, and the noise voltage is ampli?ed and 
then converted into a current having a phase inverted to that 
of the common mode noise (hereinafter referred to as a 
phase-inverted current), so as to cancel the common mode 
noise using the phase-inverted current. 
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In the above AC line ?lter, however, a delay of the 
phase-inverted current against the noise voltage occurs 
during the processes of amplifying the noise voltage and 
converting the noise voltage into the phase-inverted current. 
Further, Waveform of the noise voltage and that of the 
phase-inverted current do not coincide With each other 
completely. For these reasons, it is dif?cult to accurately 
cancel common mode noise in AC poWer source lines using 
the above AC line ?lter. 

Basically, the above AC line ?lter reduces common mode 
noise using the common mode choke coil, and, enhances the 
effect of reducing common mode noise by supplying the 
phase-inverted current to the third Winding of the common 
mode choke coil. Therefore, it is difficult for this AC line 
?lter to reduce noise over a Wide frequency band, because its 
attenuation characteristics depend on the properties of the 
common mode choke coil. 

Further, in the above AC line ?lter, the HPF for extracting 
common mode noise is provided betWeen the neutral line 
and the frame ground, and the third Winding for canceling 
the common mode noise is connected betWeen the frame 
ground and the electric current supplying circuit. Therefore, 
the AC line ?lter Would not function When there is no frame 
ground, and further it is capable of canceling only the 
common mode noise generated betWeen the frame ground 
and the neutral line. In other Words, this AC line ?lter is 
applicable in extremely limited ?elds. 

FIG. 5 of Published Unexamined Japanese Patent Appli 
cation (KOKAI) ShoWa 53-54447 shoWs a ?lter that blocks 
carrier Waves propagated through an electric poWer line. The 
?lter has a pair of inputs, a pair of outputs, a parallel resonant 
circuit placed betWeen one of the inputs and one of the 
outputs, and a serial resonant circuit placed betWeen the tWo 
outputs. According to the parallel resonant circuit of this 
?lter, on the magnetic core, a magnetic ?ux of a commercial 
current superposed With high frequency signals is canceled 
With a magnetic ?ux of a commercial current from Which 
high frequency signals have been removed With a loW-range 
passage ?lter, to thereby make impedance larger With respect 
to the high frequency signals. The principle for blocking 
carrier Waves by this ?lter differs completely from the 
principle of noise reduction by a poWer line noise ?lter 
according to the invention detailed later. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide a poWer line 
noise ?lter that can effectively reduce noise in electric poWer 
lines over a Wide frequency band, and can also effectively 
reduce sporadic noise as Well as continuous noise. 
A ?rst poWer line noise ?lter according to the invention 

comprises: 
a noise detection circuit (noise detection means) for 

detecting a noise in an electric poWer line by detecting 
variations in electric current in the electric poWer line; 

a phase-inverted signal generation circuit (phase-inverted 
signal generation means) for generating a phase 
inverted signal Whose phase is inverted to that of the 
noise detected by the noise detection circuit (noise 
detection means); and 

a noise cancellation circuit (noise cancellation means) for 
canceling the noise in the electric poWer line by causing 
a change in electric current in the electric poWer line, 
the change corresponding to the phase-inverted signal 
generated by the phase-inverted signal generation cir 
cuit (phase-inverted signal generation means). 

In the ?rst poWer line noise ?lter of the invention, the 
noise detection circuit (noise detection means) detects noise 
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4 
in an electric poWer line by detecting variations in electric 
current in the poWer line. Then, the phase-inverted signal 
generation circuit (phase-inverted signal generation means) 
generates a phase-inverted signal Whose phase is inverted to 
that of the noise detected by the noise detection circuit (noise 
detection means). Further, the noise cancellation circuit 
(noise cancellation means) causes a change in electric cur 
rent in the poWer line, the change corresponding to the 
phase-inverted signal, and thereby cancels the noise in the 
poWer line. 

In the ?rst poWer line noise ?lter of the invention, the 
noise detection circuit (noise detection means) may detect 
noises propagating through tWo conductive lines of the 
electric poWer line in the same phase, and the noise cancel 
lation circuit (noise cancellation means) may cause the same 
changes in electric current for the tWo conductive lines of the 
electric poWer line. 

Further, in the ?rst poWer line noise ?lter of the invention, 
the noise detection circuit (noise detection means) may 
detect noise occurring in each of tWo conductive lines of the 
electric poWer line, separately for each of the conductive 
lines; the phase-inverted signal generation circuit (phase 
inverted signal generation means) may generate the phase 
inverted signals separately for the tWo conductive lines, the 
phase-inverted signals respectively corresponding to the 
noises detected for the tWo conductive lines by the noise 
detection circuit (noise detection means); and the noise 
cancellation circuit (noise cancellation means) may cause 
changes in electric current separately for the tWo conductive 
lines of the electric poWer line, the changes respectively 
corresponding to the phase-inverted signals generated for 
the tWo conductive lines by the phase-inverted signal gen 
eration circuit (phase-inverted signal generation means). 
Asecond poWer line noise ?lter according to the invention 

comprises: 
a noise detection circuit (noise detection means) for 

detecting a noise in an electric poWer line by detecting 
variations in voltage in the electric poWer line; 

a phase-inverted signal generation circuit (phase-inverted 
signal generation means) for generating a phase 
inverted signal Whose phase is inverted to that of the 
noise detected by the noise detection circuit (noise 
detection means); and 

a noise cancellation circuit (noise cancellation means) for 
canceling the noise in the electric poWer line by causing 
a change in voltage in the electric poWer line, the 
change corresponding to the phase-inverted signal gen 
erated by the phase-inverted signal generation circuit 
(phase-inverted signal generation means). 

In the second poWer line noise ?lter of the invention, the 
noise detection circuit (noise detection means) detects noise 
in an electric poWer line by detecting variations in voltage in 
the poWer line. Then, the phase-inverted signal generation 
circuit (phase-inverted signal generation means) generates a 
phase-inverted signal Whose phase is inverted to that of the 
noise detected by the noise detection circuit (noise detection 
means). Further, the noise cancellation circuit (noise can 
cellation means) causes a change in voltage in the poWer 
line, the change corresponding to the phase-inverted signal, 
and thereby cancels the noise in the poWer line. 

In the second poWer line noise ?lter of the invention, the 
noise detection circuit (noise detection means) may detect 
noises propagating through tWo conductive lines of the 
electric poWer line in the same phase, and the noise cancel 
lation circuit (noise cancellation means) may cause the same 
changes in voltage for the tWo conductive lines of the 
electric poWer line. 
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Further, in the second power line noise ?lter of the 
invention, the noise detection circuit (noise detection means) 
may detect noise occurring in each of tWo conductive lines 
of the electric poWer line, separately for each of the con 
ductive lines; the phase-inverted signal generation circuit 
(phase-inverted signal generation means) may generate the 
phase-inverted signals separately for the tWo conductive 
lines, the phase-inverted signals respectively corresponding 
to the noises detected for the tWo conductive lines by the 
noise detection circuit (noise detection means); and the noise 
cancellation circuit (noise cancellation means) may cause 
changes in voltage separately for the tWo conductive lines of 
the electric poWer line, the changes respectively correspond 
ing to the phase-inverted signals generated for the tWo 
conductive lines by the phase-inverted signal generation 
circuit (phase-inverted signal generation means). 
A third poWer line noise ?lter according to the invention 

comprises: 
a ?rst noise detection circuit (?rst noise detection means) 

for detecting a ?rst noise in an electric poWer line by 
detecting variations in electric current in the electric 
poWer line; 

a ?rst phase-inverted signal generation circuit (?rst phase 
inverted signal generation means) for generating a ?rst 
phase-inverted signal Whose phase is inverted to that of 
the ?rst noise detected by the ?rst noise detection 
circuit (?rst noise detection means); 

a ?rst noise cancellation circuit (?rst noise cancellation 
means) for canceling the ?rst noise in the electric 
poWer line by causing a change in electric current in the 
electric poWer line, the change corresponding to the 
?rst phase-inverted signal generated by the ?rst phase 
inverted signal generation circuit (?rst phase-inverted 
signal generation means); 

a second noise detection circuit (second noise detection 
means) for detecting a second noise in the electric 
poWer line by detecting variations in voltage in the 
electric poWer line; 

a second phase-inverted signal generation circuit (second 
phase-inverted signal generation means) for generating 
a second phase-inverted signal Whose phase is inverted 
to that of the second noise detected by the second noise 
detection circuit (second noise detection means); and 

a second noise cancellation circuit (second noise cancel 
lation means) for canceling the second noise in the 
electric poWer line by causing a change in voltage in the 
electric poWer line, the change corresponding to the 
second phase-inverted signal generated by the second 
phase-inverted signal generation circuit (second phase 
inverted signal generation means). 

In the third poWer line noise ?lter of the invention, the ?rst 
noise detection circuit (?rst noise detection means) detects 
the ?rst noise in an electric poWer line by detecting varia 
tions in electric current in the poWer line. Then, the ?rst 
phase-inverted signal generation circuit (?rst phase-inverted 
signal generation means) generates the ?rst phase-inverted 
signal Whose phase is inverted to that of the ?rst noise 
detected by the ?rst noise detection circuit (?rst noise 
detection means). Then, the ?rst noise cancellation circuit 
(?rst noise cancellation means) causes a change in electric 
current in the poWer line, the change corresponding to the 
?rst phase-inverted signal, and thereby cancels the ?rst noise 
in the poWer line. Further, the second noise detection circuit 
(second noise detection means) detects the second noise in 
the electric poWer line by detecting variations in voltage in 
the poWer line. Then, the second phase-inverted signal 
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generation circuit (second phase-inverted signal generation 
means) generates the second phase-inverted signal Whose 
phase is inverted to that of the second noise detected by the 
second noise detection circuit (second noise detection 
means). Then, the second noise cancellation circuit (second 
noise cancellation means) causes a change in voltage in the 
poWer line, the change corresponding to the second phase 
inverted signal, and thereby cancels the second noise in the 
poWer line. 

In the third poWer line noise ?lter of the invention, the ?rst 
noise detection circuit (?rst noise detection means) may 
detect ?rst noises propagating through tWo conductive lines 
of the electric poWer line in the same phase; the ?rst noise 
cancellation circuit (?rst noise cancellation means) may 
cause the same changes in electric current for the tWo 
conductive lines of the electric poWer line; the second noise 
detection circuit (second noise detection means) may detect 
second noises propagating through tWo conductive lines of 
the electric poWer line in the same phase; and the second 
noise cancellation circuit (second noise cancellation means) 
may cause the same changes in voltage for the tWo conduc 
tive lines of the electric poWer line. 

In the third poWer line noise ?lter of the invention, the ?rst 
noise detection circuit (?rst noise detection means) may 
detect the ?rst noise occurring in each of tWo conductive 
lines of the electric poWer line, separately for each of the 
conductive lines; and the ?rst phase-inverted signal genera 
tion circuit (?rst phase-inverted signal generation means) 
may generate the ?rst phase-inverted signals separately for 
the tWo conductive lines, the ?rst phase-inverted signals 
respectively corresponding to the ?rst noises detected for the 
tWo conductive lines by the ?rst noise detection circuit (?rst 
noise detection means); the ?rst noise cancellation circuit 
(?rst noise cancellation means) may cause changes in elec 
tric current separately for the tWo conductive lines of the 
electric poWer line, the changes respectively corresponding 
to the ?rst phase-inverted signals generated for the tWo 
conductive lines by the ?rst phase-inverted signal generation 
circuit (?rst phase-inverted signal generation means); the 
second noise detection circuit (second noise detection 
means) may detect the second noise occurring in each of tWo 
conductive lines of the electric poWer line, separately for 
each of the conductive lines; the second phase-inverted 
signal generation circuit (second phase-inverted signal gen 
eration means) may generate the second phase-inverted 
signals separately for the tWo conductive lines, the second 
phase-inverted signals respectively corresponding to the 
second noises detected for the tWo conductive lines by the 
second noise detection circuit (second noise detection 
means); and the second noise cancellation circuit (second 
noise cancellation means) may cause changes in voltage 
separately for the tWo conductive lines of the electric poWer 
line, the changes respectively corresponding to the second 
phase-inverted signals generated for the tWo conductive 
lines by the second phase-inverted signal generation circuit 
(second phase-inverted signal generation means). 
A fourth poWer line noise ?lter of the invention com 

prises: 
a noise detection circuit (noise detection means), provided 

at a speci?c position on an electric poWer line, for 
detecting noise in the electric poWer line by detecting 
variations in electric current or voltage in the electric 
poWer line; 

a phase-inverted signal generation circuit (phase-inverted 
signal generation means) for generating a phase 
inverted signal Whose phase is inverted to that of the 
noise detected by the noise detection circuit (noise 
detection means); 
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a noise cancellation circuit (noise cancellation means), 
provided at a position on the electric poWer line dif 
ferent from that of the noise detection circuit (noise 
detection means), for canceling the noise in the electric 
poWer line by causing a change in electric current in the 
electric poWer line corresponding to the phase-inverted 
signal generated by the phase-inverted signal genera 
tion circuit (phase-inverted signal generation means), 
in the case Where the noise detection circuit (noise 
detection means) detects the noise by detecting varia 
tions in electric current in the electric poWer line; or by 
causing a change in voltage in the electric poWer line 
corresponding to the phase-inverted signal generated 
by the phase-inverted signal generation circuit (phase 
inverted signal generation means), in the case Where 
the noise detection circuit (noise detection means) 
detects the noise by detecting variations in voltage in 
the electric poWer line; and 

a peak-value-reducing impedance component that is pro 
vided betWeen the noise detection circuit (noise detec 
tion means) and the noise cancellation circuit (noise 
cancellation means) on the electric poWer line, and has 
an impedance that reduces a peak value of a noise 
passing therethrough. 

In the fourth poWer line noise ?lter of the invention, the 
noise detection circuit (noise detection means) detects noise 
in an electric poWer line by detecting variations in electric 
current or voltage in the poWer line. Then, the phase 
inverted signal generation circuit (phase-inverted signal 
generation means) generates a phase-inverted signal Whose 
phase is inverted to that of the noise detected by the noise 
detection circuit (noise detection means). Then, the noise 
cancellation circuit (noise cancellation means) causes a 
change in electric current or voltage in the power line, the 
change corresponding to the phase-inverted signal. Further, 
in this noise ?lter, the peak-value-reducing impedance com 
ponent reduces the peak value of noise on the noise 
cancellation-circuit(means)-side of the poWer line, and, 
keeps a difference in peak value betWeen the noise on the 
noise-detection-circuit(means)-side of the poWer line and 
the noise on the noise-cancellation-circuit (means)-side of 
the poWer line. 

In the fourth poWer line noise ?lter of the invention, the 
peak-value-reducing impedance component may include an 
inductor. 

The fourth poWer line noise ?lter of the invention may 
further comprise a phase-adjusting impedance component, 
the impedance component being provided along a signal 
path starting from the noise detection circuit (noise detection 
means) to reach the noise cancellation circuit (noise cancel 
lation means) via the phase-inverted signal generation cir 
cuit (phase-inverted signal generation means), and having an 
impedance that adjusts a phase of the phase-inverted signal 
such that a phase difference betWeen the noise inputted to the 
noise cancellation circuit (noise cancellation means) and the 
change in electric current or voltage in the electric poWer 
line caused by the noise cancellation circuit (noise cancel 
lation means) is made closer to 180°. In this case, the 
phase-adjusting impedance component may include an 
inductor. 

Other and further objects, features and advantages of the 
invention Will appear more fully from the folloWing descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a ?rst embodiment of the 
invention. 
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FIG. 2 is a circuit diagram shoWing an example of a 

con?guration of a phase-inverted signal generation circuit in 
FIG. 1. 

FIG. 3 is an explanatory diagram shoWing an example of 
use of the poWer line noise ?lter of the ?rst embodiment of 
the invention. 

FIG. 4 is an explanatory diagram shoWing another 
example of use of the poWer line noise ?lter of the ?rst 
embodiment of the invention. 

FIG. 5 is an explanatory diagram shoWing still another 
example of use of the poWer line noise ?lter of the ?rst 
embodiment of the invention. 

FIG. 6 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a second embodiment of 
the invention. 

FIG. 7 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a third embodiment of 
the invention. 

FIG. 8 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a fourth embodiment of 
the invention. 

FIG. 9 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a ?fth embodiment of the 
invention. 

FIG. 10 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a sixth embodiment of 
the invention. 

FIG. 11 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a seventh embodiment of 
the invention. 

FIG. 12 is a block diagram shoWing a basic con?guration 
of a poWer line noise ?lter according to an eighth embodi 
ment of the invention. 

FIG. 13 is a block diagram shoWing an example of a 
con?guration of the poWer line noise ?lter according to the 
eighth embodiment of the invention. 

FIG. 14 is a vector diagram shoWing vectors that represent 
noise, a phase-inverted signal and a synthetic signal that is 
obtained by synthesiZing the ?rst tWo, of the eighth embodi 
ment of the invention. 

FIG. 15 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter of an example of the eighth embodi 
ment of the invention. 

FIG. 16 is a circuit diagram shoWing a con?guration of 
the poWer line noise ?lter of the example of the eighth 
embodiment of the invention. 

FIG. 17 is a circuit diagram shoWing a circuit of a ?rst 
comparative example against the example of the eighth 
embodiment of the invention. 

FIG. 18 is a circuit diagram shoWing a circuit of a second 
comparative example against the example of the eighth 
embodiment of the invention. 

FIG. 19 is a characteristic diagram shoWing frequency 
characteristic of the absolute value of impedance of each of 
the poWer line noise ?lter of the example of the eighth 
embodiment and the circuits of the ?rst and second com 
parative examples. 

FIG. 20 is a characteristic diagram shoWing frequency 
characteristic of the initial phase of impedance of each of the 
poWer line noise ?lter of the example of the eighth embodi 
ment and the circuits of the ?rst and second comparative 
examples. 

FIG. 21 is a characteristic diagram shoWing frequency 
characteristic of the gain of each of the poWer line noise 
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?lter of the example of the eighth embodiment and the 
circuits of the ?rst and second comparative examples. 

FIG. 22 is a characteristic diagram showing frequency 
characteristic of the gain of each of the poWer line noise 
?lter of the example of the eighth embodiment, the circuit of 
the ?rst comparative example and a circuit of a third 
comparative examples. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the invention Will noW be 
described in detail With reference to the accompanying 
draWings. 
[First Embodiment] 

FIG. 1 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a ?rst embodiment of the 
invention. The poWer line noise ?lter 10 of the embodiment 
reduces common mode noise that causes a change in electric 
current (hereinafter referred to as current-related common 
mode noise) in an electric poWer line 1. The electric poWer 
line 1 has tWo conductive lines 1a and 1b. Here, the electric 
poWer line 1 may be one that transmits electric poWer by 
either alternating or direct currents. 

The poWer line noise ?lter 10 comprises: a detection 
circuit 11 for detecting noise in the electric poWer line 1; a 
phase-inverted signal generation circuit 12 for generating a 
phase-inverted signal Whose phase is inverted to that of the 
noise detected by the detection circuit 11; and an injection 
circuit 13 for injecting the phase-inverted signal generated 
by the phase-inverted signal generation circuit 12 into the 
electric poWer line 1. The detection circuit 11 is placed 
closer to a noise source than the injection circuit 13. The 
detection circuit 11 corresponds to the noise detection means 
or the noise detection circuit of the invention. The phase 
inverted signal generation circuit 12 corresponds to the 
phase-inverted signal generation means or the phase 
inverted signal generation circuit of the invention. The 
injection circuit 13 corresponds to the noise cancellation 
means or the noise cancellation circuit of the invention. 

The detection circuit 11 detects noise in the electric poWer 
line 1 by detecting variations in electric current in the tWo 
conductive lines 1a and 1b of the electric poWer line 1. 
Further, the detection circuit 11 detects noises that propagate 
through the tWo conductive lines 1a and 1b in the same 
phase. Therefore, the detection circuit 11 detects current 
related common mode noise in the electric poWer line 1. 

FIG. 1 shoWs an example of a con?guration of the 
detection circuit 11. In this example, the detection circuit 11 
has a core that surrounds the tWo conductive lines 1a and 1b, 
and a coil 11c Wound around the core. The detection circuit 
11 detects high frequency components among variations in 
electric current in the conductive lines 1a and 1b, by means 
of an electric current induced in the coil 11c. The core is 
made of a magnetic material such as ferrite, Permalloy and 
an amorphous magnetic material. The detection circuit 11 
need not use the coil 11c, but may use, instead of the coil 
11c, an electric current sensor including a magnetic sensor 
that detects magnetic ?elds generated by electric currents, 
for example. In this case, a magnetic sensor having a sensor 
head, including a core made of a magnetic material such as 
ferrite, Permalloy, and an amorphous magnetic material, and 
a coil Wound around the core, or a magnetoresistive (MR) 
element that utiliZes magnetoresistive effects, or a giant 
magnetoresistive (GMR) element that utiliZes giant magne 
toresistive effects, or the like, may be used as the magnetic 
sensor. 

The injection circuit 13 causes a change in electric current 
in the electric poWer line 1, the change corresponding to the 
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phase-inverted signal generated by the phase-inverted signal 
generation circuit 12, and thereby injects the phase-inverted 
signal generated by the circuit 12 into the electric poWer line 
1, thereby canceling the noise in the electric poWer line 1. 
The injection circuit 13 causes the same changes in electric 
current in the tWo conductive lines 1a and 1b of the electric 
poWer line 1, the changes corresponding to the phase 
inverted signals. Thus, the injection circuit 13 cancels the 
current-related common mode noise in the electric poWer 
line 1. 

FIG. 1 shoWs an example of a con?guration of the 
injection circuit 13. In this example, the injection circuit 13 
has a core that surrounds the tWo conductive lines 1a and 1b, 
and a coil 13c Wound around the core. By feeding an electric 
current to the coil 13, the injection circuit 13 causes the same 
changes in electric current in the conductive lines 1a and 1b 
corresponding to the phase-inverted signal. 

FIG. 2 is a circuit diagram shoWing an example of a 
con?guration of the phase-inverted signal generation circuit 
12 of FIG. 1. The phase-inverted signal generation circuit 12 
of this example has a transformer 15. An end of the primary 
Winding of the transformer 15 is connected to an end of the 
coil 11c of the detection circuit 11 via a resistor 16. The other 
end of the primary Winding of the transformer 15 is con 
nected to the ground (signal ground) of the circuit, together 
With an end of the secondary Winding of the transformer 15. 
The other end of the secondary Winding of the transformer 
15 is connected to an end of the coil 13c of the injection 
circuit 13. The other end of the coil 11c and the other end of 
the coil 13c are connected to the ground of the circuit. 
According to the phase-inverted signal generation circuit 12, 
an electric current corresponding to the noise detected by the 
coil 110 of the detection circuit 11 ?oWs through the primary 
Winding of the transformer 15, and, in response thereto, an 
electric current having a phase inverted to that of the noise 
?oWs through the coil 13c of the injection circuit 13 con 
nected to the secondary Winding of the transformer 15. 

Next, functions of the poWer line noise ?lter 10 of this 
embodiment Will be described. In the poWer line noise ?lter 
10, the detection circuit 11 detects current-related common 
mode noise in the electric poWer line 1 by detecting varia 
tions in electric current in the conductive lines 1a and 1b of 
the electric poWer line 1. Then, the phase-inverted signal 
generation circuit 12 generates a phase-inverted signal 
Whose phase is inverted to that of the noise detected by the 
detection circuit 11. Further, the injection circuit 13 causes 
the same changes in electric current in the tWo conductive 
lines 1a and 1b of the electric poWer line 1, the changes 
corresponding to the phase-inverted signal. The current 
related common mode noise in the electric poWer line 1 is 
thereby canceled. 
As described above, the poWer line noise ?lter 10 of this 

embodiment detects noise in the electric poWer line 1, 
generates a phase-inverted signal Whose phase is inverted to 
that of the detected noise, and injects the phase-inverted 
signal into the electric poWer line 1, thereby canceling the 
noise. Noise in the poWer line 1 is thus reduced. Therefore, 
the poWer line noise ?lter 10 is capable, ideally, of reducing 
noise irrespective of level or frequency band of the noise. 

According to the poWer line noise ?lter 10 of this 
embodiment, noise in the electric poWer line 1 is detected by 
detecting variations in electric current in the electric poWer 
line 1, and the noise in the electric poWer line 1 is canceled 
by causing a change in electric current in the poWer line 1, 
the change corresponding to the phase-inverted signal. 
Therefore, the noise ?lter 10 neither ampli?es the voltage of 
noise nor converts the voltage of noise into a current of 
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inverted phase. Delay of the phase-inverted signal against 
noise, and difference in Waveform of the phase-inverted 
signal from the Waveform of the noise can therefore be 
minimized. Accordingly, the poWer line noise ?lter 10 is 
capable of canceling noise With high accuracy. Moreover, 
since delay of the phase-inverted signal against noise can be 
minimized, the poWer line noise ?lter 10 is capable of 
canceling not only continuous noise but also sporadic noise. 
From the foregoing, according to the poWer line noise 

?lter 10 it is possible to effectively reduce noise in the 
electric poWer line 1 over a Wide frequency band, and is also 
possible to effectively reduce sporadic noise as Well as 
continuous noise. 

In addition, the poWer line noise ?lter 10 of this embodi 
ment functions uniformly, irrespective of the frequency 
band, level or nature of noise. Therefore, optimiZation 
procedures Would not be necessary to suit different noise 
generating devices, if the poWer line noise ?lter 10 is used. 
Further, standardiZation of the poWer line noise ?lter 10 
Would be easy. 

Next, three examples of use of the poWer line noise ?lter 
10 of the embodiment are described With reference to FIG. 
3 through FIG. 5. 

FIG. 3 shoWs a ?rst example of use of the poWer line noise 
?lter 10. This is an example in Which the poWer line noise 
?lter 10 is placed at the poWer receiving portion of a device 
that is a source of noise. In the system shoWn in FIG. 3, an 
electric/electronic device 112 is connected to the electric 
poWer line 1 via a sWitching poWer source 111, and another 
electric/electronic device 113 is also connected to the poWer 
line 1. In such a system, the sWitching poWer source 111 
being a source of noise, the noise originating from the 
sWitching poWer source 111 may be transmitted to the 
electric/electronic device 113 via the electric poWer line 1, 
to adversely affect the electric/electronic device 113. 
Examples of electric/electronic device 113 that may be 
adversely affected by noise include audio-visual, informa 
tion and medical equipment. 

Therefore, in the ?rst example, the poWer line noise ?lter 
10 is placed at the poWer receiving portion of the sWitching 
poWer source 111 as a source of noise. Thus, the noise 
originating from the sWitching poWer source 111 is reduced, 
thereby preventing the noise in the electric poWer line 1 from 
adversely affecting the other electric/electronic device 113 
connected to the electric poWer line 1. 

The ?rst example shoWn in FIG. 3 is also applicable to 
telecommunications systems using electric poWer lines. 
Here, it is assumed for FIG. 3 that a telecommunications 
system using electric poWer lines has several devices, 
including the electric/electronic device 113, connected to the 
electric poWer line 1 as devices used for telecommunications 
via electric poWer lines. In such a system, if the poWer line 
noise ?lter 10 is placed at the poWer receiving portion of the 
sWitching poWer source 111 as a source of noise, it Would be 
possible to prevent noise generated by the sWitching poWer 
source 111 from adversely affecting telecommunications 
using the electric poWer line 1. Thus, stable telecommuni 
cations environment can be con?gured. 

FIG. 4 shoWs a second example of use of the poWer line 
noise ?lter 10. In the second example, the poWer line noise 
?lter 10 is placed at the poWer receiving portion of a device 
for Which one Wishes to eliminate adverse effects of noise in 
an electric poWer line. In the system shoWn in FIG. 4, a 
plurality of electric/electronic devices 121 and 122, for 
Which one Wishes to eliminate adverse effects of noise in the 
electric poWer line 1, are connected to the electric poWer line 
1. Thus, in the second example, the poWer line noise ?lter 10 

15 

25 

35 

45 

55 

65 

12 
is placed at the poWer receiving portion of each of the 
devices 121 and 122. This Way, it is possible to prevent noise 
in the electric poWer line 1 from adversely affecting the 
devices 121 and 122, irrespective of the frequency band, 
level and nature of noise occurring in the electric poWer line 
1. The second example is applicable for a Wide variety of 
purposes, including noise prevention measures for audio 
visual, information and medical equipment. 

FIG. 5 shoWs a third example of use of the poWer line 
noise ?lter 10. In the third example, the poWer line noise 
?lter 10 is used as a blocking ?lter for a telecommunications 
system using electric poWer lines. In the system shoWn in 
FIG. 5, a plurality of devices 132 and 133 used for tele 
communications via electric poWer lines are connected to an 
indoor electric poWer line 131 in a house 130. Further, a 
blocking ?lter 135 is placed betWeen the indoor electric 
poWer line 131 and an outdoor electric poWer line 141. The 
blocking ?lter 135 is a ?lter used to prevent the leakage of 
telecommunications signals in the indoor electric poWer line 
131 into the outdoor electric poWer line 141, and also to 
prevent noise in the outdoor electric poWer line 141 from 
entering the indoor electric poWer line 131. 
The blocking ?lter 135 has the poWer line noise ?lter 10 

of this embodiment, and a common mode choke coil 136 
connected to the indoor side of the poWer line noise ?lter 10. 
Here, the common mode choke coil 136 is provided for 
increasing impedance With respect to frequency of telecom 
munications signals, so as to prevent attenuation of telecom 
munications signals during telecommunications via electric 
poWer lines. 

According to the third example, it is possible to prevent 
telecommunications signals in the indoor electric poWer line 
131 from leaking into the outdoor electric poWer line 141, 
and to prevent noise in the outdoor electric poWer line 141 
from entering the indoor electric poWer line 131. 
[Second Embodiment] 

FIG. 6 is a block diagram shoWing a con?guration of a 
poWer line noise ?lter according to a second embodiment of 
the invention. The poWer line noise ?lter 20 of this embodi 
ment reduces common mode noise that causes a change in 
voltage (hereinafter referred to as voltage-related common 
mode noise) in the electric poWer line 1. 
The poWer line noise ?lter 20 comprises: a detection 

circuit 21 for detecting noise in the electric poWer line 1; a 
phase-inverted signal generation circuit 22 for generating a 
phase-inverted signal Whose phase is inverted to that of the 
noise detected by the detection circuit 21; and an injection 
circuit 23 for injecting the phase-inverted signal generated 
by the phase-inverted signal generation circuit 22 into the 
electric poWer line 1. The detection circuit 21 is placed 
closer to a noise source than the injection circuit 23. The 
detection circuit 21 corresponds to the noise detection means 
or the noise detection circuit of the invention. The phase 
inverted signal generation circuit 22 corresponds to the 
phase-inverted signal generation means or the phase 
inverted signal generation circuit of the invention. The 
injection circuit 23 corresponds to the noise cancellation 
means or the noise cancellation circuit of the invention. 
The detection circuit 21 detects noise in the electric poWer 

line 1 by detecting variations in voltage in the tWo conduc 
tive lines 1a and 1b of the electric poWer line 1. Further, the 
detection circuit 21 detects noises that propagate through the 
tWo conductive lines 1a and 1b in the same phase. Thus, the 
detection circuit 21 detects voltage-related common mode 
noise in the electric poWer line 1. 

FIG. 6 shoWs an example of a con?guration of the 
detection circuit 21. In this example, the detection circuit 21 




























